This study examined whether the brain operations involved during the processing of successive words in multi word noun phrase production take place sequentially or simultaneously. German speakers named pictures while ignoring a written distractor superimposed on the picture (picture-word interference paradigm) using the definite determiner and corresponding German noun. The gender congruency and the phonological congruency (i.e., overlap in first phonemes) between target and distractor were manipulated. Naming responses and EEG were recorded. The behavioural performance replicated both the phonology and the gender congruency effects (i.e., shorter naming latencies for gender congruent than incongruent and for phonologically congruent than incongruent trials). The phonological and gender manipulations also influenced the EEG data. Crucially, the two effects occurred in different time windows and over different sets of electrodes. The phonological effect was observed substantially earlier than the gender congruency effect. This finding suggests that the processing of determiners and nouns during determiner noun phrase production occurs at least partly sequentially.
Introduction
Psycholinguistic models of language production are typically conceived of as a series of processing stages involving different types of knowledge: the concept to be expressed, the corresponding syntactico-semantic representation (grammatical encoding process), the phonological representation (phonological encoding process) and the corresponding abstract gestures (phonetic encoding). The broad aspects of such organization are used (quite consensually) to account for the production of isolated words. In most linguistic events, however, speakers do not produce single words; rather, they combine words into larger utterances. Importantly, it cannot be taken for granted that the production of multi-word utterances will amount to the same as performing all the single-word steps for each word consecutively.
Behavioural studies have indicated that speakers can activate several words, both at the grammatical and phonological encoding levels, before they start articulating an utterance (e.g., Allum & Wheeldon, 2007; Costa, Navarette, & Alario, 2006; Damian & Dumay, 2009; Konopka, 2012; Lee, Brown-Schmidt, & Watson, 2013; Martin, Crowther, Knight, Tamborello, & Yang, 2010; Meyer, 1996; Oppermann, Jescheniak, & Schriefers, 2010; Schnur, Costa, & Caramazza, 2006; Smith & Wheeldon, 1999; Wheeldon, Ohlson, Ashby, & Gator, 2013) . Much remains to be described, however, regarding the temporal alignment of encoding processes for the different words within such planning units. In particular, a central and open issue in understanding multi-word production concerns the amount of sequentiality versus simultaneity in the encoding of the different words at each encoding step.
Consider for instance the noun phrases the dog, or the black dog. Are the words planned, encoded and selected one after the other or simultaneously? If the encoding occurs sequentially, a related issue would concern the order in which the words are accessed and encoded. For instance, it has been hypothesized that during the grammatical encoding process, lexical representations (i.e., lemmas) for the different words are processed in parallel (Kempen & Huijbers, 1983; Schriefers, 1992) . At the phonological level of encoding, several authors have hypothesized that word representations (known as ''lexemes") are activated and encoded sequentially within phonological planning units, according to the order in which they are to be produced (see Dell, 1986; Meyer, 1996) . In early models of sentence processing (e.g., Garrett, 1975 , see also Bock, 1987 , by contrast, the phonological content of early occurring determiners was specified only after content words had been http://dx.doi.org/10.1016/j.cognition.2015.09.002 0010-0277/Ó 2015 Elsevier B.V. All rights reserved.
